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[57] ABSTRACT 

The invention relates to a steel substrate with metal 
coatings for the reinforcement of vulcanizable elasto- 
mers, as well as a method for the continuous manufac- 
ture of a thus coated substrate and elastomer objects 
reinforced with said substrate. 

The substrate is provided with a first coating and a 
second coating at least covering part of the first one and 
a bonding layer being present between the two said 
coatings. The second coating comprises eg. cobalt that 
can be applied by plasma sputtering. The coating com- 
bination can be easily adapted to the specific elastomer 
compositions and the reinforcement requirements 
aimed at 

15 Claims, 4 Drawing Sheets 
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1 accordance with British Pat appUcation No. 2 076 320 

STEEL SUBSTRATE WITH ^ALCOATINGS A JL",^^^ 
FOR THE REINFORO^ENTOF don ^~ m P^^J ^SaDy contributes to 

VULCANIZABLE ELASTOMERS § ^^^SnS coati/gs. In particular. 

rrpi n OF THE INVENTION this bonding layer can refrain the diffoion of *e «neuas 

FIELD OF iriti iwvon of the one coating into the adjacent coating when ap- 

The invention relates to a steel substrate with metal or during bonding to elasto- 

coatings for the reinforcement of vnlcanisable etasto- PJ^ttawtfi vulcanisation. Also, this measure allows 
mers such as rubber. The substrates ^ te ™^ 0 "* ,o with the relatively difficult deformation 

sheets, laths or profiles, preferably of mgh-carbon«eel »™£ afterwards, e.g. when cobalt is applied as 
or structures made up thereof such as wire nettmgs or ^^^^astoPat No. GB 2 076 320 A. 
fabrics. Thus reinforced elastomer P^f* 8 ^* ^ ^Tmetal coating may consist of copper, one, 
vehicle tyres, rubber hoses, conveyor belts and trans- T» ™ D ™ chromium, manganese or alloys 
.nissionbd^The mvention .^-^SKtSS » «J?l£SL^ cob*, molybdenum, 

mer products W-^^J^^^SS titanium or zirconium. It may be intended to 

substrate as wen as a method to manufacture the tuns ^^J^ ^^ on of ^ ^ robstnl te to vmcanisa- 
coated steel substrates. £ fc dastomcnk It ^ possibly at the same time, be 

BACKGROUND AND SUMMARY OF THE intended as corrosion-protection layer or frictional- 
INVENTION 20 resistance reducing coating or wear-resistant layer. A 

n . , „„ m ,„ ,™, ,t«J wires with brass to promote very common adhesion promoting coating is brass with 
i^^b^o tapro^aTfoX purpose of in total between 58%-70% by weight of copper and the 
SKg dtitSkSTurlr severe operating condi- remainder being zinc. However, the copper content at 
SKTSta hS? conditions and/or at elevated the brass-layer surface will preferably be much loww, 
^u^^thas^eady been proposed to deposit a 25 corresponding to a (CVCu+Zn>ratio uotexceed- 
^^^1 eMtinTei cobalt on this brass coating m g 20% when Cu and Zn are expressed m at%. 
IXt meScoXTto is known from Brit- second metal coating may comprise one ormore 

^TaLappUc^nNo.2076 320 A. It is also mentioned 0 fthe elements nickel, tin. iron, chrormum, W»£ 
T tins oatent application that a cobalt coating has molybde num or cobalt It may among other things be 
LSJ a limited bonding affinity for bras* 30 m J ded to enhance the adhesion 

iTS^attaina good bond between the two metal m paIlicl3 i a r the durability of the adhesion mcnncal 
£at£gs "is toprop^d to draw the coated object so O ^ e ^ c onditions. as for cobalt It may pother 
that the cobalt diffuses into the brass surface. Apart fi^ons as well, such as eg. those enumerated herein- 
from the fact that this method for applying the second before in connection with the first coating. 
coatiM still requires an additional drawing operation, 35 A ^^^c component of the bonding layer may 
cobalt is relatively hard to deform by drawing. Also, ^ but also phosphor or nitrogen. Oxygen wUl 

there is a risk of excessive diffusion of zmc from the ^ g referred component for certain specified first and 
brass into the cobalt, which causes the adhesion behav- ^ nd coating typee Here the bound oxygen may 
iour to decrease. , . . „ occur as oxide. In particular, it may occur as metal 

There is, however, an increasing need to providethe 40 03ddeint he bonding layer e.g. as oxide of a metal of the 
reinforcing elements with coatings with specific prede- ^ coating. When e.g. brass b appned first metal coat- 
tennined compositions according to ue. the required a layer mainly consisting of zinc oxide will 

durable adhesion with respect to special rubbers, eg. & . Ending affinity for a secondcoating of 

rubbers with low sulphur content fast vulcanising rub- particularly when the (Cu/Cu+ZnVratio at the 

bers, etc. These elastomer compositions are consundy 45 ^ datively low. Preferably, the absolute 

evolving so that there has arisen a need for flexibility for a( ^ surfece ofthe bonding layer will 

the bond between steel substrate and rubber via specific be less than 25 at%. In other cases, titaniummtnde may 
and relatively easy to apply mtennediate layer systems. „ bonding layer. Obviously, the bonding 

More in particular, there is a need for flexibility tor also fulfil other functions in addition to its 

adhesion layer and corrosion protection layer systems 50 / bonding function, eg. increasing corrosion 
for the reinforcing substrates. A coating ^P^*" resistance resistance to corrosion fatigue ductility, 
two metal layers offers ample P^ ib ^^^£* weaTreStance etc. 

provided a good adhesion can be realised betwe«first wear ft* manufacturing the steel substrate 

and second metal coating without adversely affecting m a(XOtt}aalx with the invention basically com- 

the specific chosen layer compositions. ^ application onto it of a first metal coating, 

So, the object of the invention is. among other togs. V™* w application or the formation of a bond- 
to provide steel substrates for the remforcement of etas- foUowea y ^ f ^ ^ surface 
tomers and provided with a first and a^ndmetal "6^° ^ ^ ^g h applied onto the 
coating, the intended and intnnsicaUy present proper- r^?"P &fore applying or forming the bonding 
Z of first and second coating at ^^^tamed 60 J^2™JEtatat coating may be sub- 
and at the same time a good and durable bond being £y , Q a heat trea tment and/or mechamcal deforma- 
guaranteed between the two coatings. J t0 obtain a desired composition, thick- 

Thfa objective is now met m ^rdance writhe tion ^S^itowever. after applying the second 
inventi n by providing a bonding layer betweenfirst ^^ a S ^ omechanica i consolidation treatment of 
and second metal coating that effects a durable adheson 65 intermediate bonding layer is no 

. between first and second coating, this second coating at J^'^J^ ^ t0 what U known from 
ffS^-St'SSSttrSS Spa1.appucation P No.2 076 320A. 
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FOSSES a»ir4 

S3? ^ r HL^T S be cleaned thermally in vacuum or by so-called 

bodiment of the invention. cold sputtering as described hereinbefore. 

BRIEF DESCRIPTION OF THE 45 This allows to attain an even lower copper concen- 

ACCOMPANYING DRAWINGS at the outside surface of the bonding layer just 

PIGS 1 and 3 show a composition profile through before applying the second metal layer B 
fKjj>. x ana o snow a uum ^° „ .-hw This zinc-oxide bonding layer constitutes a diffusion 

the thickness of the two co W w^A mtermechate This ^^^^/^ metai ^ t0 

""fift "TSrrSSE '355-- a 50 SplSe fact is, it was found that when applying 

ing layer in between. ond Uyer Specifically, this diffusion may occur if the 

DETAILED DESCRIPTION OF THE application of the second layer is effected at elevated 

PREFERRED EMBODIMENTS 55 temperature, as eg. in the case of plasma coating and/or 

. . tlllietTaf<5 utiiieed oc ctartinK product is a vulcanisation of the elastomer on the covered steel 

and 0.90 mm ^ «"t* 60 5^*H£3« are anchored or blocked and 
SoanS^mnT^ 2E£SS^S52 fusion to the second metal coating is strongly re- 
Sal way ^videTwith a first metal coating which frained even at elevated temperature. 
n^bTabra^Sigwith a final thickness of between Further, the simultaneous decrease of the copper 
^u^^So3oZ Asfa taown,thebrass layer can 65 concentration just below the bondmg layer pre- 
KSvSS^g Ae steel fila- cludes-after bonding t the rubber-an exeesswe cop- 
be <f™ J^™^^ a per sulphide formation during vulcanisation or as a 
S^SdtS^ST- Lult o?ageing. Excessive copper sulphide formation , 
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U»en appUed as second coating, cobalt snlphide bndges ™ Apart from that, the zinc and oxygen 

to thedastomer will preferably be fonnej wtachu* ^J^ntog Uver are cleariy perceptible at a 
proves the adhesion behaviour. Cobalt » J? ™£ S of about 50-200 A in FIG. L 
Conducive to improving the adhesion durability «mto 5 depu^o. aoo^ m FIG. 3 at a depth of 

severe operating conditions. Consequently, the jnea- inese ^ cobalt layer is thicker there 
sures in accordance with the inventior .render ^snper- J^^Jj; m fact too thick already. Oxygen 
fluous to apply cobalt salts m the elastomer ^mpos- jndm^G ^ ^ ^ ^ 4 the apph- 

tion. This way, cobalt consumption is kept ttering of the thick cobalt layer according 

cobalt is expensive. Apart from «^ b ^Lf ddl " 10 without zinc-oxide bonding layer clearly 

tions may adversely affect other n»bto property caDtaaittaSion in the cobalt outer layer. 

Because of the high pnce ofe.g cobalt it w^ a^ys shows we^ ^ temperature nse dur- 

be the aim in practice to utihse as httle of this metal as ™ uttering (thick layer) as a result of 

possible, in other words to apply very to ^e«as ^ P ro t ^^ na P loads i^ with zinc fumes if the zinc 
£^d coating. IWa V^*^J°££££. aSnave'not been blocked beforehand in a znuxmde 
the metal of the second coatmg constitutes the catlioae. , 

A suitable method and f^^^TZX. ^ invention can also be applied to a steel cord 

tering is described in U.S. Pat No. 4,828,000 and in fat * ° 1 ™ substrate . Here, warp and weft elements will 

&A-631.05039, the contents of ffl ^Sw'S'of ^el3s- The plasma chamber 

ered included herewith by way ° f ff ^^^^I 20 wS^h^edot^haped feed-through elements for 

a plasma coating technique inevitably involves neat ww wen na ^ 

geSon whh the known pernicious effect of zmc the fabric. 

evaporation from the brass surface and zmc contamina- EXAMPLE: 

tion of the cobalt layer. As explained he^before. toe construction 3+9x002+ 1 and 

application of a zinc oxide layer prevents tins contaim- 25 ^ ^com ^ ^ me filaments was 

nation. , . . . ^h-. c^ted with a thin cobalt layer by sputtering m an 

Moreover, when applying the second _m«d ^coatmg coated wrtb a of a ^ride bondmg 

onto a steel cord structure by plasma coating mamly &e W W»y8» comparison, a similar cord was in the 
outside of the cord will be coated. This » ™W> J* JJJ whhcotolt in a continuous process, 
also sufficient to realise an optmmm adtoon to the 30 ^^ ^^ a bonding layer. Then, the two 
surrounding elastomer. However, this offers the addi- ^V^^^^^edded in rubber and vulcanised. 

- set- - — — r - 

cord manufacture just before winding or bondmg to die accordance with the invention was then 

rubber guarantees for the rest a optimum Jteoori m aoco^ m ^ ^ ^ ^ 

surface condition of the cord for the benefit of later 40 conimu^ y ^^de layer being formed at 

adhesion properties. It will always be recommended to ^^.^^He^ the cord temperature must be 
keep&e temperature of the steel substrate as low as ^^^^"^^ high, otherwise the tensile 
^lee.gSthan UOT C ^^fStSS SSSSKft will decease too much. An opti- 
aswell as during the oxidation «^ 45 SKJ-oT oxidation 0-e. without appreciable loss 

surface as well as during the application ofj second « "J^-^ > counts to the formation of approa- 
metal coating. High temperatures may among oter »™J of ZnO per m* of brass surface (pref- 

things occasion excessive oxidation and lossin tensde mateiy «ra 3 <» The brass layer can also be oxi- 
strength of the steel substrate. It has abo bee, Ufound L cord through an oxygen plasma 

that ^considerable oxidatioa .of the „ Sb^Antoense cooling of this chamber is indi- 

surface, eg. in the case of cobalt is defa^taltoa so ^ ^ rise in the temperature of the cord, 

good and durable adhesion m severe operanng condi- can* ^co . was found that hardly any 

Sons. So, summing up it may be smted as an^miple «tjs ^ wnen forming a 

that a steel substrate whh the combmation _ofJ broswrth ^g^f approximately 30 g/rf of ZnO (mainly 
low copper concentration at its surfece (first coatog), bondmg^ ^ cord), 

zinc^bemding layer, thin ^t layer as ^ond 55 on oxi dised cord (FIG. 1) and the unoxi- 

coating and a low cobalt-oxide content at the outside f ^ (nG. 2) were continuously 

S will be advantageous FIG. 1 ^ates^ ^^L, On A^gon gas in vacuum) 

lution of the composition for this coatog structure «^ ^ with a thin cobalt layer, te. with a 

through the coating thickness, Tte, =*ah^«^ ^T^ut^f 27-28 mg per kg of cord weight It 
don in the outside surface to a depth of about 40 A a « ««uiq^ > Le . with a weight of 

very high and then drops very rapidly. By thm cobalt wastouna ^ ■ other words a thick- 

S« ? meant a coating thickness below 250 A and more T ^ V es insufficient adhesion, 

below 200 A. SpecmcaUy this m^nsthat ^^J^££iSi bonded to fast vulcanis- 
die depth at which the cobalt content (Co/Co +- ^"f^ TWord with coatmg profile according to 
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Jortant to create a homogeneous magnenc field m *e m with claim 1 charac- 

at ,45- C during 40 min. under a pressure of 500 ^ J^~ m Xfa metal of the first coating. 

SS^intfcasf oS ^ftSSL^S E S»-70* by weight of copper and the rematnder 
bonding layer the cobalt layer was easily ton. loose bentg ! ^ accordance with claim 6 charac- 

^tyer'in^rdance with Ae invention. The ^ , ^ 

separation from the elastomer occurred in the elastomer J^^^^^ ter ms less than 23 at.% of Cu 

^W^^^S. 25 S^t^the sS« ofTbonding layer. 

the invention had a good coverage degree, which » 25 P^ a u accordance with any one of the 

MP F ^n coition the cords preceding in that the second meta, 

£?^S55Si2^^^ fl- » tensed in that the bonding layer mainly consuls of zmc 
case for a number of experimental rubber compositions oxide. accordance with claim 1 in the 

both for the ones with low sulphur content and for the 1L ^^Sd^hWtefeed in that the second 

used to reinforce the tread of vemcle ^. They^an te ^^f^eTd* substrate is a steel cord, 

wound as reinforcing layers in the wall of elastomer wiin ciaim , . rf in accordance 

hoses or serve as longitudinal and/or cross reinforce- Jf^"*-* ta£ form of an elastomeric sheet 

ment in conveyor belts. ^ & number of para u e i running substrates embed- 

We claim- , , «f 

1. A steel substrate for the reinforcemeat of elasto- ded therein. 

mers, said steel substrate having first and second metal 



50 



55 



60 



65 



a2) United States Patent 

Miyafuji et al. 



iiMiiinniiiiii 

US006313064B1 

(io) Patent No.: US 6,313,064 Bl 
(45) Date of Patent: Nov. 6, 2001 



(54) ALLOY HAVING ANTIBACTERIAL EFFECT 
AND STERILIZING EFFECT 

(75) Inventors: Motohisa Miyafuji, Shimonoseki; 

Yoshinobu Isuzakl, Osaka; Sadako 
Yamada, Kobe; Takenori Nakayama, 
Kobe; Wataru Urushihara, Kobe, all 
of (JP) 

(73) Assignee: Kabushiki Kaisha Kobe Seiko Sho 
(Kobe Steel, Ltd.), Kobe (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) AppL No.: 09/339,907 

(22) Filed: Jun. 25, 1999 

(30) Foreign Application Priority Data 

Jun. 26, 1998 (JP) 10-180377 

Jul. 17, 1998 (JP) 10-202472 



(51) InLCl. 7 

(52) UJS.C1 

(58) Field of Search 

(56) 



B0U 23/00; B01J 23/72 

502/345; 502/350; 502/337; 

502/331 

502/345, 350, 

502/337, 331; 75/255 



References Cited 
U.S. PATENT DOCUMENTS 
4,005,243 ♦ 1/1977 Babaetal. . 



5,147,686 
5,454,886 
5,595,750 
5,635,439 
5,643,436 
5,668,076 
5,833,463 
5,853,866 



9/1992 
10/1995 
1/1997 
6/1997 
7/1997 
9/1997 
11/1998 
12/1998 



Ichimura et aL ... 
Burrell et aL . 
Jacbson et al. . 
Fuiui et al. . 
Ogawa et al. . 
Yamagushi et al. . 
Hurson . 
Watanabe et al. . 



427/217 



* cited by examiner 

Primary Examiner—Steven P. Griffin 

Assistant Examiner — Cam N. Nguyen 

(74) Attorney, Agent, or Firm— Obion, Spivak, McClelland, 

Maier & Neustadt, PC. 

(57) ABSTRACT 

A copper alloy comprising 0.1-7.3% of titanium and option- 
ally comprising one or more of zinc, silicon and silver in 
amounts of 0.001-10%, 0.001-3% and 0.001-1%, 
respectively, wherein its surface layer contains an oxide 
containing titanium. This copper alloy exhibits sterilizing 
effect based on copper and antibacterial effect based on 
optical catalyst function resulting from the oxide which 
contains titanium dispersed in the surface layer. The oxide 
containing titanium can be produced by heating the copper 
alloy which has the above-mentioned composition and is 
produced in the usual manner to 200-800° C. to oxidize 
titanium preferentially. In the case that zinc and silicon are 
contained, these elements are also preferentially oxidized by 
the heating, so as to produce oxides. Thus, zinc exhibits 
antibacterial effect and sterilizing effect. Silicon exhibits 
hydropmlicity. Silver exhibits sterilizing effect. 

19 Claims 1 Drawing Sheet 
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AND STERILIZING Mt^i 0 Wec to f the present invention is to provide a matenalwbich 

BACKGROUND OF THE INVENTION ha& exceUent sterilizing effect and antibacterial effect in 

The present invention relates to an alloy having antibac- 5 humid air containing water vapor and in liquid, as well as in 
terial effect and sterilizing effect, and a process for produc- the atmosphere. 

ing the same. The present invention is a copper alloy comprising 

It is known that when oxides of titanium are irradiated rj.1-73% (the symbol «%" means percent(s) br weight m 
with ultraviolet rays, the oxides exhibit antibacterial effect the specification) of titanium, wherein its surface layer 
and hydrophiheity by their optical catalyst action. Antibac- 10 contains an oxide containing titanium, thereby having botn 
terial materials to which this principle is applied include a of sterilizing effect and antibacterial effect based on optical 
tile on which a thin Ti0 2 film is formed (Japanese Patent cata iyst function. Examples of the copper alloy ot tne 
Application Laid-Open No. 8-66635). As metallic materials presem invention comprising 0.1-7.3% of titanium include 
chaining Ti0 2 and having optical catalyst function, there a copper alloy which comprises 0.1-7.3% of titanium and, 
are developed antibacterial materials containing, as a matrix, 15 as its balance, copper and inevitable impunUes, and a copper 
titanium or titanium alloy (Japanese Patent Application ^ oy wh j c h further comprises one or more of the following. 
Laid-Open No. 8-252461) or nickel or nickel alloy ^. rj.001-10%, Si: 0.001-3%, and silver 0.001-1%. 
(Japanese Patent Application Laid-Open No. 10-18095). A further asptcl of ^ pre sent invention is a nickel alloy 
The Japanese Patent Application Laid-Open No. 8-252461 comprising 0.1-13% of titanium and 0.1-15% of copper 
describes a method of pickling an titanium alloy containing 20 and> ^ its balance, nickel and inevitable impurities, wherein 
0-20% of a transition metal as an auxiliary component with | ^ lrface layer contains an oxide containing titanium, 

an inorganic acid and heat-treating the alloy, thereby form- fa ^ ^soA invention, copper imparts sterilizing effect, 
ing an oxide film on its surface. The Japanese Patent dispersion of the oxide containing titanium having 

Application Laid-Open No. 10-18095 states that a compos- ^ Action in the copper alloy provides anti- 

ite metal plating-film in which titanium oxide is dispersed is 25 effect sterilizing effect is further improved by 

formed on the surface of nickel or a mckel-chrormum alloy, & ^ o ^ co ntainirig ^c. Moreover, the sterfliz- 

and this antibacterial material is effective in spots wherein J ^ ^ effect can be effectively used 

unwanted bacteria propagate easily, such as a sink in kitcnen m & humid atmosp here containing water vapor and in liquid 
equipment in a hospital institution or other insumtions. dispersing an oxide containing silicon exhibiting hydro- 

It is known that copper is a metal exhibiting sterilizing 30 J^ dty silver has effect of enhancing the sterilizing effect, 
effect. Since early times, therefore, alloy containing copper ^ rf ^ present mention can be made up into a 
has been used for coins, ornaments, tableware and the Ute. ^ rf ^ a ^ a fofl> a ^ m expanded metal or 
Copper exhibits its sterilizing effect when target bacteria ^ ^ fa order to produce the oxide containing the above- 
contact the copper directly or the ion of the copper is memioned e i em ents in the surface layer of the copper or 
produced in an aqueous solution. 35 ^ Qy of the present invention, heat treatment is 

As sterilizing metallic materials containing copper, the conducted in the atmosphere or in vacuum in such a manner 
following are proposed: a Cu-containing stainless^steel ^ ^ ^ tempcrature is set up to 200-800° C. and 
(Japanese Patent Application Laid-Open No. 8-229107), a 200-1000° C. in the case of the copper alloy and the nickel 
stainless steel wherein the concentration of Cu is heightened ^ respectively, by a heating furnace, corona discharge, 
in its surface layer, and a process for producing the same 40 ,'4^^ j^r rays, plasma, infrared rays, or the like. 
(Japanese Patent Application Laid-Open Nos. S-efl 3 *} 1 * Titarrium ^ and silicon are preferentially oxidized to 
8-60302 and8-«)3(r3),amaterialhavmgsterilizmgeffectby produce oxides. Before the treatment for producing the 
addition of Cu to a stainless steel, whereby prevention of ox ides, anodic oxidization may be performed, 
infection, such as periodical sterilization, is ^rmexessary ^ 0 f the present invention is allowed to 

(Japanese Patent Application Laid-Open No. 9-170053) and 45 ^ a gas or liquid, the sterilizing effect and the 

the like. All of them are brought into direct contact with anlibacterial effect of its surface cause organic materials 
bacteria, to sterilize the bacteria. contacting the alloy to be decomposed and extinguished. 

Titanium and materials comprising as their main compo- Therefore, it has an effect of causing extinction, reduction, 
nent titanium, among metallic materials having antibacterial de co mp osition, or removal of a lot of organic materials, for 
effect based on optical catalyst function, belong to metallic so example> colon bacilli and house dusts such as smoke of a 
materials which are relatively difficult to work. Nickel or cigarette' f onna iin, ammonia, spores of mold, pollen aller- 
nickel alloy wherein on its surface a composite metal (antigens) and ticks. 

plating-film in which titanium oxide is dispersed is formed siflce ^ ^ Qy of ^ present invention is excellent in 
has problems that a complicated plating step is necessary workability it can be molded or worked into various shapes 
and that if the titanium oxide content in the plating layer ^ ^ inteiated into a required site as an antibacterial 
increases, the adhesion of the plating onto the base metal mcmber ^ ^ caS e that the alloy is a copper alloy, the alloy 
decreases. C anbe used as articles for which high electrical conductivity, 

Furthermore, metallic materials having both antibacterial thennal conductivity and corrosion resistance are made use 
effect based on optical catalyst function and sterilizing effect rf fa ^ ^ ^ ^ ^ Qy ^ a mckel ai^y, the alloy can 
cannot be found in the prior art. Metallic materials having ^ ^ ^ artides for ^ch corrosion resistance in various 
only the sterilizing effect based on optical catalyst function almo spheres and strength are made good use of. 
do not exhibit any effect when they are not irradiated with Furtherm ore, the alloy can be caused to have character- 
light, istics such as lightness, higher strength, higher heat resis- 
BRIEF SUMMARY OF THE INVENTION 65 tance by cladding, adhesion or coating of the alloy onto 

In the light of such problems in the prior art, an object of other metallic materials, ceramics, ^ass, resins or the like, 
ihcv^Zycniionitovroyidc a material which has both or mixing of the alloy with the same. 
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For this reason, the alloy of be present invention can be and hydrophilicity are not sufficiently exhibited On the 
appti \Z tefldd for which sterilized or antibacterial other hand, if the ^um content > ™«^ 7 ^ 
ataosphere is necessary, such as manufacture of medicinal workability and cold workabihty are towered. Tta£ it 
ZS medical facflMes, manufacture and sale of foods, becomes difficult that the aUoy is worked into a target form 
Tea^g houses, or can applied as building materials of 5 

interior of places where clean environment is desired to be Accordingly, the titanium content is set up to 0.1-7.3%. 

kent such as halls and meeting rooms where many people Zinc , . 

S of pass. Furthermore, the alloy can be applied to ^,^^^^^££^^^ 
various articles, for examples, parts used in an air cleaner, or well as titanium, is preferentially oxidized so that an oxide 
I?™ Sn^ioner, and means of transport such as 10 whichjmtiri^^ 

. lu i " La .uw When the zinc oxide is irradiated with ultraviolet rays, the 

automobiles, ships and airplanes. oxide exhibits optical catalyst function in the same way Ti0 2 

BRIEF DESCRIPTION OF THE DRAWINGS so as to have antibacterial effect Zinc oxide also has 

sterilizing effect. Therefore, bacteria such as colon bacilli 
FIG. 1 is a schematic view of a surface layer in the copper ^ cm ^ g^g^ed, f or example, even in the case that 
or nickel alloy according to the present invention. ultraviolet rays are not radiated. If the zinc content is less 

FIG. 2 is a schematic view of a device for a bacteriologi- ^ rj.001%, such effect is insufficient If the zinc content is 
cal test (with ultraviolet rays). more than 10%, such effect comes to be saturated. Thus, the 

zinc content is set up to 0.001-10%. 
DESCRIPTION OF THE PREFERRED M silicon 

EMBODIMENTS When copper alloy containing silicon is oxidized, silicon, 

Reasons why the components of the copper alloy of the as well as titanium, is preferentially oxidizad so Jtot an 
present invention are limited, and the process for producing oxide which mainly contains SiO, is produced Since ttas 
STSk* will be described hereinafter. oxide has hydrophilicity, the whole snrfe^ofthe oxide 

Reasons Why Copper AUoy is Selected as a Base Metal 25 easily gets wet, in the a*, wrtb water condensed on he 
SJer is a mSal having the next most intense sterilizing copper alloy. Accordingly, ^ hydrophflicny based ontbe 
effect to silver. Copper also exceUent in malleability, titanium oxide can be further enhanced. In humid 
dSi£ Se abfli* weldabflity and the like, so that atmosphere, the whole surface of me oxide easfly ge^we 
comer is easily shaped into various forms and easily into- likewise. Therefore, organic materials and bacteria present 
StoSSr, Copper is also excelknt in 30 in the air ad*.* easily to the «irface of the ^»Uoyso 
length, thermal conductivity, eleSrical conductivity, cor- as to enhance the stenhzmg effect of the aUoy. If diesOicon 
S resistance and the like As will be described below, content is less than 0.001%, the above-mentioned ad^itage 
a3uTg to the present invention, sterilizing effect is more is lowered. U the silicon content £ more than 3% to 
effectively exhibited by dispersing in a copper alloy an oxide workability of ^e alloy is lowered. Thus, tins content is set 
having antibacterial effect based on optical catalyst reaction 35 up to 0.001-3%. 
(an oxide containing titanium or an oxide containing zinc) Silver 

aril an oxide having sterilizing effect (an oxide containing Silver has the most intense sterilmng effect among all 
^^Sy^^to^n^sU^ns metelelementetoenhan^ mesterihzmg ^""P"? 
effect and d&persing therein an oxide having hydrophilicity alloy. However, if tbe sflver content _is ess than 0.001%^ 
, ' „x 40 effect is insufficient Thus, the content needs to be 0.001% 

Omopde containing sflicon). 40 „ r T ore . M me sifcer content becomes larger, the sterilizing 

"copper alloy containing titanium is oxidized, tit.- effect is improved still more but the ^ becomes higher, 

mum* ^preferential? oxidized to produce an oxide which Therefore, the sflver content * set up to 0.001-1%. 

mainlv contains TiO,. This provides a copper alloy wherein Other Elements 

r^vToxide £ dispeLd in its suAce layer. When 45 Zr, Nb or Sr may be mcorporated into mecoppe aUoy. 

such a copper alloy is irradiated with ultraviolet rays of 388 These elements are made up to oxides (Zr0 2 , ^O^rliO, 

n^ or ^wavelength, the titanium oxide exhibits optical and the like) by surface^xidization, thereby exhibiting 

mSm to gyrate active oxygen and hydroxyl optical catalyst function. Tbe preferred total amount of one 

radical This causes organic materials (compounds) or others or more of these elements is 05% or less 
hSe ai^ to be decomposed into carbon dioxide, water, and 50 So far as the production of the o^^he c^per alloy 

the like When this copperalloy is allowed to stand in water of the present mvennon is not disturbed, one or more 

^nru^teSmtralioIetrays.organicmateri.ds selected from Mg, Al, P, Ca, Cr, Mn, Fe Co, Ni and Sn may 

IZ the like incorporated in the water are decomposed into be incorporated jn the total amount °f^ ork^morfer 

carbon dioxide, water and the like. Thus, the organic mate- to improve mechanical property or corrosion resistance of 

rials can be removed. 55 ?* COpP f r S- .kaii 

There is known a phenomenon that when the titanium Process for Producing .the Alloy , r 

oxide is irradiated with ultraviolet rays in the slate that water to^.&osfentanium, ahcon, o^^ttie cppper 

^present on its surface, the contact angle of the water on the ^ttej^my^JBB^S^m^ 

surface is reduced to approach 0° (superoydrophilicity). ^te^SM^g^^ 

When the copper alloy wherein its surface contains the 60 temperature of the S^^^^^^hS 

uT,U oxideTalso irVadiated with ultraviolet rays, water- a heating furnace such as an electncal furnac* >or a gas 

wettability is greatly improved. Thus, the alloy of the present furnace, corona discharge, glow discharge laser rays, 

TveSreXits "an advantage for the decomposition of plasma, or infiared rays. S ™*^^£*^* 

organic materials dissolved in water. inte^ affi^tyjvitb^xygen.^andard free energy for the 

If tbe titanium content in the copper alloy is less than 65 production of °» d «)Am^E^^ 

0.1%, the amountof the produced titanium oxide is small so ojdded.Pxygen^ doused ro the ^dq^teb 

that antibacterial effect based on optical catalyst function alloy can be mdustnally produced m such a manner that the 
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amount or size of produced oxides, the depth of the oxidized like of the aUoy onto other metals and alloys, resins, glass, 

layer, and the like are controlled by combining heating ^^[^^ ^ ^ay of ^ present invention 

atmosphere (oxygen partial pressure) heating temperature J^^ff,^^^,^ ft is desirable that the 

and heating time appropriately. If me Sloy is irramated with ultraviolet rays having wavelengths 

lower than 200° C, the speed of the preferential oxidation 5 of ^ or less . a source of the ultraviolet rays, there 

of Ti, Zn and Si becomes slow so that the time for the ^ ^ SUI ^ U a lamp> a fluorescent lamp, electrow- 

oxidization is prolonged. If the heating temperature is over ^5^^ having wavelength of 388 nm or less, or the like. 

800° C, copper itself is intensely oxidized so that the loss of Reasons w h y the components of the nickel alloy of the 

heating energy becomes large. It also becomes difficult that prcsent invention are limited, and the process for producing 
the oxidization of H, Zn and Si is controlled. Accordingly, 10 ^ ^ Qy ^ ^ described hereinafter, 

the heating temperature is set URinthe manner thatjhe real Reasons Why Nickel Alloy is Selected as a Base Metal 

temperature of the copper alloy is 2p0-800 o ,C. Nickel has excellent corrosion resistance and appropriate 

Hie abow-melBoned toaSoent for the production of the mechanical properties. Oxygen is solved in nickel. Thus, if 

oxides may be performed after anodic oxidization. This mcke i aUoy is oxidized, oxygen is diffused therein from its 
causes advantages of shortening of the heating time, uniform 15 surface and solved in its mother phase. If titanium, wnicb 

dispersion of the oxides and the like. has a larger affinity with oxygen than nickel, * * 

In order to produce the copper alloy of the present the mother phase, titanium is preferentially oxuhzed by toe 

invention, an injot of the copper alloy containing the given oxygen diftad I into the 

components is made by usual melting and casting. Tne ingot titanium oxide. For such reasons, nickel is selected as a base 
is made up to a form, such as a predetermined plate, strip, 20 metal. 

foil, wire tube or expanded ^J^atet ^ nickel alloy containing titanium is oxidized, tita- 

rTli^S^^Sy SabT-SoIS niuTL preferential oxidized to produce an oxide which 

» toat oxy^n is diffused Lo the alloy from its mainly contains TO 2 . Tte provides a nickel aUoy havmg a 

burlaw ukiwl. * Z?r~™ri 7»n a nH <iin are When such a nickel aUoy is irradiated with ultraviolet rays 

ot tne copper auoy - f & oxide ^ irradiated with ultraviolet rays m the state that water 

SckkdwiS.^S.g solution containing a mineral acid ^rtl^iiS^i««i^^tta^«fltej^ 

St^^S^e pickling makS it possible to invention exhibits an advanUgcfor the decomposmon of 

remove the oxide film composed of copper oxides such as organic materials dissolved m water 

cToIndcLo so that the o^r alloy surface in which the As titanium oxides, anatase, ruble and broofate are 

Sde^articks cTn^ng titakm, zinc, silicon and the like so known. Concerning the antibacterial affec * and 

oxiae pamcies comainmg uumiuui, ' . _ hvdroohflicitv. anatase fa most intense, and nrale is the next 

tn a composite material having characteristics such as 65 Copper m a ii 

hgh^hTgher length and higher heat resistance by Copper has the most intense stenhzing eflect among all 

ckSso^g,spoTweldmg.a^on (bonding) or the metal elements, in the same way as sdver. Addition thereof 
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to the present alloy makes it possible to give sterilizing effect order to keep good workability of the nickel alloy containing 

to the alloy. However, if the copper content is less than 0.1%, the oxides specified in the present invention, it is desirable 

this effect is insufficient Thus, the content needs to be 0.1% that, about the size of the particles of the produced oxides, 

or more. If the copper content is more than 15%, hot the radius of the circumscribed circles of the particles is 5 

workability is lowered in the case of co-addition of titanium 5 /an or less. 

in an amount of 0.1-13% so that it becomes difficult that the Any one of the forms of the plate, strip, foil, expanded 
alloy is worked into a target size. Therefore, the copper metal, wire and tube, which isin the state of having the oxide 
content is set up to 0.1-15%. layer, maybe subjected to plastic working, or the plastic 
Other Elements working and subsequent annealing. Thus, its mechanical and 
So far as the production of the titanium oxide in the nickel 10 physical properties are made up to desired values, The alloy 
„ v . . . 4 nngk n „ mnrtk may be made up to a composite material having character- 
alloy of the present invention is not disturbed, one or more ™J u * ^ f. 7, _ £T„ ^ nni u owl ,4 u; (T u„ r u„ at 

^^^^ MP -a^2^ res*ta^ 

Zr. Ta, Si, V and C may be mcorporated in the total amount ^ ^ ^ ^ oy * nto othe r metals and 

of 3.0% or. alloys, resins, glass, ceramics or the like. 

Process for Producing the Alloy . . c . 15 When the nickel alloy is subjected to the oxidization for 

In order to oxidize titanium in the nickel alloy of the producmg me titanium oxide, scale of nickel is produced on 

present invention to cause Ti0 2 to be contained in the its surface under some oxia^g c»nmtion. When any one of 

surface layer, anodic oxidization or chemical treatment may the above-mentioned forms is pickled with a washing 

be performed, or alternatively heat treatment may be con- solution, for the nickel alloy, containing nitric acid, hydrof- 

ducted in the air or in the atmosphere containing oxygen 20 hioric acid, sulfuric acid, or the like after the oxidization, the 

(low vacuum) in such a manner that the real temperature of oxide film can be removed. Since oxides containing titanium 

at least the surface of the nickel alloy is set up to 200-1000° are chemically stable, the oxides are hardly dissolved or 

C. by a heating furnace, corona discharge, glow discharge, exfoliated by the pickling. 

radiation of laser rays, radiation of plasma, or infrared rays. In order to cause the nickel alloy of the present invention 

Since titanium has far more intense affinity with oxygen 25 to have optical catalyst taction, it is desirable that the alloy 

(standard tree energy for the production of oxides) than is irradiated with ultraviolet rays having wavelengths of 388 

nickel, titanium can be preferentially oxidized oxygen is nm or less. As a source of the ultraviolet rays^ there may be 

diffused in the nickel alloy from its surface to its inside, and used sunlight, a lamp, a fluorescent lamp, electrolumines- 

thus the alloy can be industriaUy produced in such a manner <* nce ^ving wavelength of 388 nm or less, or the like, 

that the thickness of the oxidized layer and the like are 30 EXAMPLE 1 

controlled by selecting oxygen partial pressure in the T en kilograms of a copper alloy having each composition 

atmosphere, heating temperature and heating timeaypropn- showQ m ^ ble t was melted m a vacuum melting furnace 

ately. If the heating temperature is lower than 200 C, the ^ men ^ ggrjo c to a plate . ^ order to 

speed of the preferential oxidization of titanium becomes remove sulfur (s) incorporated from the raw material at the 

slow so that the time for the oxidization is prolonged. If the 35 ^ of ^ meltin& 0.01% of Mg was added thereto. The 

heating temperature is over 1000° C, nickel is also oxidized content by percentage of remaining Mg was set up to 

so that the loss of heating energy also becomes large. It also 0.001% or less. Addition of 0.01% of Ca causes the same 

becomes difficult that the thickness of the titanium oxide effect, as well as simultaneous addition of Mg and Ca. The 

layer is controlled. Accordingly, the heating temperature is plate was repeatedly subjected to cold rolling, heating at 

set up in the manner that the real temperature of at least the 40 880° C. for 2 hours and rapid cooling in water, so as to 

surface of the nickel alloy is 200-1000° C. In particular, obtain a cold-rolled material of 0.5 mm thickness finally, 

anatase is easily produced. The temperature range in which The oxide film produced on the way was pickled with a 

the production ratio thereof is large is 200-400° C. The solution containing sulfuric acid and hydrogen peroxide. In 

above-mentioned anodic oxidization or chemical treatment a comparative alloy (Cu-75% Ti) of No. 11, cracks were 

may be performed before the heating treatment 45 generated at the time of the hot rolling. Thus, the alloy was 

In order to produce the nickel alloy of the present unable to be worked I into ^a plate so that the ^above-mentioned 

invention, an ingot of the nickel alloy containing the given process was stopped on its way and the following tests were 

components is made by melting and casting in vacuum or not P erformed - 
argon atmosphere. The ingot is made up to a form, such as 

a predetermined plate, strip, foil, wire or tube by appropriate 50 TABLE 1 

combination of hot working, cold working and annealing. chemical composition of allow (% by weight) 
Further, the strip or foil may be made up to expanded metal. 
The resultant is subjected to oxidization by the above- 
mentioned method, so that oxygen is diffused into the alloy 

from its surface. Thus, an oxide layer is produced up to a 55 
certain thickness. In any one of the above-mentioned forms, 
the oxide may be produced in the single surface, the two 
surfaces or the whole surface thereof. In the step for the 
oxidization of the nickel alloy of the present invention, 

titanium oxide composed mainly of Ti0 2 is produced. Com- 60 
posite oxides further containing nickel and copper are also 
produced. Even if these composite oxides are present, 
however, sterilizing effect and antibacterial effect can be 
kept. 

The oxides are first formed on the surface. If the thickness 65 The plates of No. 1-10 were washed with 20% H 2 S0 4 + 

of the surface layer in which the oxide particles are present 5% H 2 O 2 +0.2% ethyieneglycol solution at 50° C. for 30 

is 0.1 /«n or more, the antibacterial effect can be kept. In seconds, and then were immersed into 20% H 2 S0 4 +5% 



Alloy No. 


Ti 


Ag 


Zn 


Si 


Cu 


1 


05 








balance 


2 


45 








balance 


3 


45 


0.1 






balance 


4 


45 




2.0 




balance 


5 


45 








balance 


6 


4.0 


0.1 


15 




balance 


7 


4.0 


0.1 




05 


balance 


8 


4.0 




15 


05 


balance 


9 


4.0 


0.03 


1.0 


05 


balance 


10 


0.04 








balance 


11 


75 








balance 
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NH4F/HF solution for 30 seconds to be water-washed Next, 
they were immersed into ethyl alcohol and dried Immedi- 
ately after the drying, they were put on a hot plate to be 
heated at 300° C. for 30 minutes or 350° C. for 5 minutes. 
As other comparative materials, there were used a plate of 5 
No. 1 which was not heat-treated, a Ti0 2 film made by 
Ishihara Sangyo Kaisha, Ltd., and a glass plate (the same as 
a cover glass on which a bacteria solution is put). These 
plates were cut into 2.5 cmxlS cm to prepare test samples. 

These test samples were used to perform a bacteriological 10 
test (with or without irradiation with ultraviolet rays) and a 
test for examining whether or not radicals were generated by 
irradiation with ultraviolet rays. 

In the bacteriological test, bacteria (the number of the 
bacteria: about 2.0x10? CFU/ml) obtained by culturing 
preserved bacteria of colon bacilli (E. coli EF013500) in an 
L medium (5 g of yeast extract, 10 g of peptone and 5 g of 
sodium chloride per liter, pH: 7.0) at 37° C. at one night, 
with shaking, were diluted with 0.85% physiological salt 
solution to about l.OxlO 7 CFU/ml. The diluted bacteria were 
used as a test-bacterium solution. 



survival colonies. Thus, the survival rate of the colon bacilli 
was calculated 

In the test for examining whether or not hydroxyl radicals 
were generated by irradiation with ultraviolet rays, a re act ant 
solution was 50 ml tris(2-amine, 2-hydroxylstyl, 1-3- 
propanediol buffer pH: 8.0* 1 ml DTA+10 jd NMA). Five 
milliliters of this reactant solution were put in a small petri 
dish of 50 mm diameter, and then the sample 25 cm square 
was put thereto. This was irradiated with ultraviolet rays 
having a wavelength of 365 nm at 20° C. for 1 hour. In the 
case that hydroxyl radicals are generated at the time of 
irradiating titanium dioxide with ultraviolet rays (388 nm or 
less), the radicals are reacted with NMA(p- 
nitrosodimethylaniline), so that the color of NMA turns 
colorless from yellow (1 mol of hydroxyl radical is reacted 
with 1 mol of NMA). Therefore, it can be examined whether 
or not radicals are generated As the change of NMA from 
yellow to non-color, absorb ance reductions were compared 
at a wavelength of 440 nm with a spectroscopic actinometer. 



TABLE 2 



Sample 
No. 


Alloy No. 


Oxidizing conditions 


Bacteriological test 
("survival rate % of colon bacilli) 

Without UV With UV (365 nm) 
(sterilizing effect) (antibacterial effect) 


Generation of radicals by 

irradiation with ultraviolet 
rays (365 nm) 


1 


1 


300° C + 30 mm. 


<0.1 


<0.1 


Detected 


2 


2 


300° C x 30 min. 


<0.1 


<0.1 


Detected 


3 


3 


300° C x 30 min. 


<0.1 


<0.1 


Detected 


4 


4 


350° C x 5 min. 


<0.1 


<0.1 


Detected 


5 


5 


350° C x 5 min. 


<0.1 


<0.1 


Detected 


6 


6 


350° C x 5 min. 


<30.1 


<0.1 


Detected 


7 


7 


350° C x 5 min. 


<0.1 


<0.1 


Detected 


8 


8 


350° C x 5 min. 


<QJ 


<0.1 


Detected 


9 


9 


300° C x 30 min. 


<0.1 


<0.1 


Detected 


10 


1 


No treatment 


<fl.l 


<0.1 


Not detected 






(no heating) 








11 


10 


300° C x 30 min. 


<0.1 


80 


Detected (slightly) 


12 


Ti0 2 as a comparative material 


100 


<0.1 


Detected 


13 


Glass plate as a comparative material 


100 


100 


Not detected 



This test-bacterium solution was uniformly spread on a 
cover glass 24 mm square. The surface on which the 
test-bacterium solution was put was positioned on or above 45 
the test samples. This was allowed to stand at 20° C. for 1 
hour. In this case, in the test without irradiation with 
ultraviolet rays, the cover glass on which the test-bacterium 
solution was put was brought into direct contact with the test 5Q 
samples. In the test with irradiation with ultraviolet rays, as 
schematically shown in FIG. 2, the cover glass 2 on which 
the test-bacterium solution was put (the bacterium-solution 
was applied to the surface opposite to the test sample 3) was 
separated from the test sample 3 by 1 mm so as to prevent 55 
them from contacting each other. Furthermore, ultraviolet 
rays having a wavelength of 365 nm was radiated, with a 
radiation intensity of 300 j<W/cm 2 , from a ligjit source 1. 

Subsequently, the colon bacilli on each of the test samples ^ 
were washed with 10 ml of 0.85% physiological salt solution 
in order to examine the antibacterial effect thereof. Con- 
cerning the measurement of the number of survival bacteria, 
the liquid washed out in a standard agar medium (extract of 
meat: 5 g, peptone: 10 g, sodium chloride: 5 g, and agar: 15 65 
g) was spread with a diluting solution, and the bacteria were 
cultured at 37° C. for 20 hours to obtain the number of 



As is clear from Table 2, the copper alloys within the 
scope of the present invention (samples Nos. 1-9) had not 
only sterilizing effect based on copper but also antibacterial 
effect based on optical catalyst function. On the other hand, 
in the sample No. 10, which contained titanium in an amount 
within the range defined in the present invention but was not 
subjected to oxidization, the oxide containing titanium was 
not formed in its surface layer, so that the sample did not 
exhibit antibacterial effect but exhibited only sterilizing 
effect based on copper. The sample No. 11, which had a less 
titanium content than the range defined in the present 
invention, exhibited weak antibacterial effect even if oxi- 
dizing was performed. The sample exhibited only sterilizing 
effect. The sample No. 12 using the H0 2 film did not contain 
copper so that the sample did not have sterilizing effect but 
exhibited only antibacterial effect based on irradiation with 
ultraviolet rays. The glass plate of the sample No. 13 did not 
contain copper or TI0 2 so that it neither had sterilizing effect 
nor antibacterial effect based on irradiation with ultraviolet 
rays. 

EXAMPLE 2 

Ten kilograms of a nickel alloy having each composition 
shown in Table 3 was cast in a vacuum melting furnace 
under a vacuum state to obtain an ingot. In order to remove 
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sulfur (S) incorporated from the raw material at the time of 
the melting, 0.01% of Ca was added thereto. The content by 
percentage of remaining Ca was set up to 0.001% or less. 
Addition of Mg in same amount as Ca also causes sulfur 
removing effect. 

The ingots of the alloys Nos. 14-17 and 19 were repeat- 
edly subjected to heating at 1200° C. for 2 hours, hot rolling, 
rapid cooling in water, cold rolling and annealing at 880° C. 



12 



a cover glass on which a bacteria solution is put). These 
plates were cut into IS cmx2.5 cm to prepare test samples. 

These test samples were used to perform a bacteriological 
test and a test for examining whether or not radicals were 
generated by irradiation with ultraviolet rays, in the same 
way as in Example 1. The results are shown in Table 4. 



TABLE 4 



Test results 

Bacteriological test 
(snrvival r»te ft of colon bacfllp 

Sample Without UV With UV (365 nm) 

No. Alloy No. Oxidizing conditions (sterilizing effect) (antibacterial effect) 



Generation of radicals by 

irradiation with ultraviolet 
rays (365 nm) 



14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 



12 300° C x 30 min. 

13 250° C x 60 nrin. <0.1 

14 300° C x 30 nrin. <0.1 

15 300° C x 30 min. 100 

16 250° C x 60 nrin, 100 

17 400° C x 5 nrin. 100 

18 300° C x 30 nrin. 100 

19 400° C x 5 min. <0.1 
13 No heating 100 
13 150° C x 30 nrin. <0-l 

Tt0 2 as a comparative material 100 

Glass plate as a comparative material 100 



<0.1 
<0.1 
<0.1 
<0.1 
<0.1 
<0.1 

100 
80 

100 
<0.1 

100 



Detected 
Detected 



Detected 

Detected 
Not detected 
Detected (slightly) 
Not detected 



Not detected 



for 1 hour, so as to obtain plates of 0.5 mm thickness. The 30 
ingots Nos. 1, 2 and 18 were repeatedly subjected to heating 
at 880* C. for 2 hours, hot rolling, rapid cooling in water, 
cold rolling and annealing at 880° C. for 1 hour, so as to 
obtain plates of 05 mm thickness. The respective alloy 
samples were rapidly cooled in water after the annealing at 
880° C. for 1 hour. The oxide after the annealing was 
removed with a grinder or emery waterproof paper. In the 
ingot of the alloy No. 20 (Ni-13.5% Ti), hot cracks were 
generated so that the ingot was unable to be worked into a 
plate. Thus, any test was not performed thereafter. 40 

TABLE 3 





rhemical components (% by weight! 




Alloy No. 


•n 


Cu 


Ni 


12 


0.5 


2 


Balance 


13 


6.1 


AS 


Balance 


14 


0.2 




Balance 


15 


6.2 




Balance 


16 


7.8 




Balance 


17 


12.1 




Balance 


18 




4 


Balance 


19 


0.05 




Balance 


20 


13.5 




Balance 



45 



50 



55 



After the plates of alloy Nos. 12-19 were ground with 
emery waterproof paper #400, they were pickled with a 
blend solution of 2% hydrofluoric acid and 10% nitric acid 
at 30° C. for 30 seconds and washed with water, and then 
were immersed in ethyl alcohol and dried. Each of them was 60 
immediately put on a hot plate and then heated under 
oxidizing conditions shown in Table 4, i.e., at 250° C. for 60 
minutes, 300° C. for 30 minutes or 400° C. for 5 minutes. As 
comparative material, there were used a plate of No. 13 
which was not heat-treated, a plate of No. 13 which was 65 
heat-treated at 150° C. for 30 minutes, a Ti0 2 film made by 
Ishihara Sangyo Kaisha, Ltd., and a glass plate (the same as 



As is clear from Table 4, the nickel alloys (samples Nos. 
14-19) and antibacterial effect based on optical catalyst 
function, and further the sample Nos. 14 and 15 had steril- 
izing effect as well as antibacterial effect. 

On the other hand, the samples 22 and 23, which had the 
titanium content within the range defined in the present 
invention but were not subjected to oxidization in a given 
temperature range, did not exhibit antibacterial effect since 
no oxide containing titanium was formed therein. These 
samples exhibited only sterilizing effect based on copper. 
The sample 20 using the alloy No. 18, which did not contain 
titanium but contained copper, did not have antibacterial 
effect even if it was subjected to the given oxidization. The 
sample 20 exhibited only sterilizing effect. The sample 21 
using the alloy No. 19 containing a small amount of titanium 
exhibited slight antibacterial effect based on optical catalyst 
function even if it was subjected to the given oxidization. 
The Ti0 2 film of the sample No. 24 had antibacterial effect 
based on optical catalyst function, but did not have steril- 
izing effect. The glass plate of the sample No. 25 neither had 
antibacterial effect based on optical catalyst function nor 
sterilizing effect since it did not contain titanium oxide or 
copper. 

What is claimed is: 

1. A copper alloy having optical catalyst function, com- 
prising 0.1-7.3 weight % of titanium and, as its balance, 
copper and inevitable impurities, wherein said alloy has a 
surface layer, and its surface layer contains an oxide con- 
taining titanium, wherein said surface layer is produced by 
subjecting said alloy to oxidation, whereby oxygen is dif- 
fused into the alloy from its surface, wherein said alloy has 
both a sterilizing effect and an antibacterial effect. 

2. Acopper alloy having optical catalyst function of claim 
1, further comprising 0.001-10 weight % of zinc, wherein its 
surface layer further contains an oxide containing zinc. 

3. The copper alloy having optical catalyst function 
according to claim 2, which further comprises 0.01-1 weight 
% of silver. 
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4. A copper alloy having optical catalyst function of claim 13. The process of claim 9, wherein said alloy further 
1, further comprising 0.001-3 weight % of silicon, wherein comprises 0.001-3 weight % of silicon. 

its surface layer further contains an oxide containing silicon. 14. The process of claim 13, wherein anodic oxidation is 

5. The copper alloy having optical catalyst function performed before the treatment for producing the oxide, 
according to claim 4, which further comprises 0.01-1 weight 5 15. The process of claim 9, wherein said alloy further 
% of silver. comprises 0.001-10 weight % of zinc and 0.001-3 weight % 

6. A copper alloy having optical catalyst function of claim 0 f s^ico^ 

1, further comprising 0.001-10 weight % of zinc and 16. The process of claim 15, wherem anomc oxidation is 
0.001-3 weight % of silicon, wherein its surface layer forme d before the treatment for producing the oxide, 

further contains an oxide containing zinc, silicon, or zinc 10 1? A ^ Qy having optical f^c^ co m . 

and silicon. . . . fi ^ prising 0.1-13 weight % of titanium and 0.1-15 weight % of 

7 The copper alby having optical catalyst function ^ ^ balance, nickel and inevitable impurities, 

%^Sr° 6 ^ chfurthercom P nses001 - 1 ^ wtom saM alloy has a surface layer, and its surface layer 

8. 11,7 copper alloy having optical catalyst function 15 contains an oxide containing titanium wherein said surface 
accordmgtoclaiml,whichfurmercomprisesO^^ laver * P roduced b X subjecting said alloy to oxidation, 
% of silver whereby oxygen is diffused into the alloy from its surface, 

9. A process for producing a copper alloy having optical wherein said alloy has both a sterilizing effect and an 
catalyst function, comprising heat-treating a copper alloy so antibacterial effect 

that its temperature is from 200 to 800° C, thereby produc- 20 18 • A process for producing a nickel alloy having optical 
ing an oxide on a surface of said alloy, catalyst function, comprising heat-treating a nickel alloy so 

wherein said alloy comprises 0.1-7.3 weight % of tita- that its temperature is from 200 to 1,000° C, thereby 
nium and, as its balance, copper and inevitable producing an oxide on a surface of said alloy, pi wherein 
impurities, and wherein said alloy has both a sterilizing said alloy comprises 0.1-13 weight % of titanium and 
effect and an antibacterial effect. 25 0.1-15 weight % of copper and, as its balance, nickel and 

10. The process for producing a copper alloy having inevitable impurities, wherein said alloy has both a steriliz- 
optical catalyst function according to claim 9, wherein ing effect and an antibacterial effect. 

anodic oxidization is performed before the treatment for 19. The process for producing a nickel alloy having 
producing the oxide. optical catalyst function according to claim 18, wherein 

11. The process of claim 9, wherein said alloy further 30 anodic oxidization or chemical treatment is performed 
comprises 0.001-10 weight % of zinc. before the treatment for producing the oxide. 

12. Hie process of claim U, wherein anodic oxidation is 

performed before the treatment for producing the oxide. * * * * ♦ 



